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INTRODUCTION 

A very i m p o r t a n t  c h a r a c t e r i s t i c  of l i q u i d  h y d r o c a r b o n s  d e r i v e d  from 
e i t h e r  p e t r o l e u m  o r  s y n t h e t i c  f u e l  f e e d s t o c k s  i s  t h e  b o i l i n g  p o i n t  d i s -  
t r i b u t i o n .  I n  many p l a n t  o p e r a t i o n s ,  a l l  y i e l d  c a l c u l a t i o n s ,  mater ia l  
b a l a n c e s ,  p h y s i c a l  p r o p e r t y  c o r r e l a t i o n s ,  a n d  compute r  p r o c e s s  s imula -  
t i o n s  a r e  b a s e d  upon t h e  t r u e  b o i l i n g  p o i n t  (TBP) d i s t i l l a t i o n  c u r v e  o f  
t h e  streams i n  q u e s t i o n .  U n t i l  t h e  a d v e n t  o f  s i m u l a t e d  d i s t i l l a t i o n ,  
t h e r e  were two b a s i c  methods f o r  d e t e r m i n i n g  t h e  TBP d i s t i l l a t i o n  f o r  a 
s a m p l e :  (1) t o  a c t u a l l y  p e r f o r m  a TBP d i s t i l l a t i o n ,  which i s  a t i m e  cor 
suming p r o c e d u r e  ( u s u a l l y  a minimum o f  e i g h t  h o u r s ) ,  o r  ( 2 )  t o  pe r fo rm 
s i n g l e  t h e o r e t i c a l  p l a t e  d i s t i l l a t i o n  ( d e s i g n a t e d  by t h e  American S o c i e t y  
for T e s t i n g  a n d  Materials as Method D-861 f o r  a t m o s p h e r i c  d i s t i l l a t i o n s ,  
a n d  Method D-11602 f o r  vacuum d i s t i l l a t i o n s ) ,  and  c o n v e r t i n g  t h e  d a t a  t o  
TBP by m a t h e m a t i c a l  c o r r e l a t i o n s .  With t h e  i n t r o d u c t i o n  o f  s i m u l a t e d  
d i s t i l l a t i o n  b y  gas ch romatography  ( d e s i g n a t e d  ASTM D,28873), a method, 
wh ich  o f f e r s  a r e l a t i v e l y  s h o r t  a n a l y s i s  time of a p p r o x i m a t e l y  one  hour ,  
became a v a i l a b l e  t o  t h e  a n a l y s t ,  The v a l i d i t y  o f  t h e  u s e  o f  s i m u l a t e d  
d i s t i l l a t i o n  f o r  H-Coal0 l i q u i d s  h a s  b e e n  q u e s t i o n e d  due t o  t h e  p r e s e n c e  
o f  oxygena ted  compounds a n d  la rge  c o n c e n t r a t i o n s  o f  a r o m a t i c  components .  
The o b j e c t i o n  t o  t h e  u s e  o f  s i m u l a t e d  d i s t i l l a t i o n  f o r  t h e  a n a l y s i s  o f  
h i g h l y  a r o m a t i c  o i l s ,  s u c h  as t h o s e  d e r i v e d  from c o a l  l i q u e f a c t i o n  pro-  
c e s s e s ,  i s  t h a t  t h e  i n d i c a t e d  b o i l i n g  p o i n t s  o f  p u r e  m u l t i p l e  r i n g  com- 
p o n e n t s  as d e t e r m i n e d  by s i m u l a t e d  d i s t i l l a t i o n  w i l l  d i f f e r  s u b s t a n t i a l l y  
( 2 0  t o  100°F) from t h e  p u r e  component b o i l i n g  p o i n t s .  ASTM D-2887 sug- 
ges t s  t h a t  t h i s  i s  d u e  a t  l e a s t  i n  p a r t  t o  d i f f e r e n t  b e h a v i o r  o f  t h e  
v a p o r - p r e s s u r e - t e m p e r a t u r e  r e l a t i o n s h i p  f o r  a r o m a t i c  compounds as com- 
p a r e d  t o  o t h e r  h y d r o c a r b o n  t y p e s .  One n o t e s ,  however ,  t h a t  a l l  o f  t h e  
components  m e n t i o n e d  by t h e  ASTM method do n o t  c o n t a i n  any  m u l t i p l e  r i n g  
a r o m a t i c  compounds t h a t  h a v e  a l k y l  s u b s t i t u e n t  g r o u p s .  The p u r p o s e  of 
t h i s  p a p e r  i s  t o  examine a c o m p a r i s o n  o f  s i m u l a t e d  d i s t i l l a t i o n  t o  TBP 
d e r i v e d  from b o t h  a c t u a l  TBP d i s t i l l a t i o n s  and  s i n g l e  t h e o r e t i c a l  p l a t e  
d i s t i l l a t i o n s  c o n v e r t e d  t o  TBP f o r  v a r i o u s  H-Coal0 d i s t i l l a t e s .  
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EXPERIMENTAL 

\ The t r u e  b o i l i n g  p o i n t  d i s t i l l a t i o n  d a t a  p r e s e n t e d  was o b t a i n e d  
u s i n g  a Tod& d i s t i l l a t i o n  column,  h a v i n g  f i f t e e n  ( 1 5 )  t h e o r e t i c a l  
p l a t e s  and a f i v e  t o  one r e f l u x  r a t i o .  The o v e r h e a d  mater ia l  was mea- 
s u r e d  on t h e  b a s i s  o f  t r u e  w e i g h t  p e r c e n t ,  i . e . ,  t h e  w e i g h t  o f  o v e r -  
head  m a t e r i a l  was compared t o  t h e  w e i g h t  of m a t e r i a l  o r i g i n a l l y  c h a r g e d  
t o  t h e  d i s t i l l a t i o n .  The d i s t i l l a t i o n  was c a r r i e d  o u t  u n d e r  a t m o s p h e r i c  

t o  p r e v e n t  t h e r m a l  d e c o m p o s i t i o n  ( c r a c k i n g ) .  The s i n g l e  t h e o r e t i c a l  
p l a t e  d i s t i l l a t i o n s  were p e r f o r m e d  as p e r  t h e i r  r e s p e c t i v e  ASTM method.  
The methods used  t o  c o n v e r t  t h e  s i n a l e  t h e o r e t i c a l  D l a t e  d i s t i l l a t i o n  

, c o n d i t i o n s  a s  much as  p o s s i b l e ,  w i t h  vacuum b e i n g  a p p l i e d  a s  n e c e s s a r y  

d a t a  t o  TBP d a t a  are  t h o s e  o u t l i n e d - i n  t h e  American' P e t r o l e u m  I n s t i t u t e  
T e c h n i c a l  Data Book. The method u s e d  t o  c o n v e r t  ASTM D-86 d a t a  t o  TBP 
d a t a  was Amprocedure  3 A 1 . 1 4 .  I n  t h e  c a s e  of ASTM D-1160 d i s t i l l a t i o n s ,  
t h e  p r o c e d u r e  was more complex,  r e s u l t i n g  from t h e  a d d i t i o n a l  v a r i a b l e  
o f  vacuum. Any d i s t i l l a t i o n  d a t a  n o t  c a r r i e d  o u t  a t  1 0  mm Hg was f i r s t  
c o n v e r t e d  t o  d i s t i l l a t i o n  d a t a  a t  1 0  mm Hg u s i n g  A P I  p r o c e d u r e  5A1.85. 
The ASTM D-1160 d i s t i l l a t i o n  d a t a  a t  1 0  mm Hg w a s  t h e n  c o n v e r t e d  t o  TBP 
d a t a  a t  1 0  mm Hg u s i n g  A P I  p r o c e d u r e  3A1.Z6. The r e s u l t i n g  TBP d a t a  at 
1 0  mm Hg was c o n v e r t e d  t o  TBP d a t a  at  760 mm H g  u s i n g  A P I  p r o c e d u r e  
5A1.137. 

A l l  s i m u l a  e d  d i s t i l l a t i o n  d a t a  p r e s e n t e d  was o b t a i n e d  u s i n g  a 
Hewle t t  Packarddb 5731 g a s  chromatograph  e q u i p p e d  w i t h  d u a l  flame i o n -  
i z a t i o n  d e t e c t o r s .  The columns u s e d  were  1 0 %  UCW-982 on Chromasorb 
PAW ( 2 0  i n c h e s  i n  l e n g t h ,  1/8 i n c h e s  i n  d i a m e t e r ) ,  w i t h  t h e  tempera-  
t u r e  of t h e  column oven  programmed from - 5 O O C  t o  35OoC a t  a r a t e  o f  8 O c  
p e r  m i n u t e ,  d u r i n g  t h e  a n a l y s i s .  C a l i b r a t i o n  f o r  t h e  s i m u l a t e d  d i s t i l -  
l a t i o n  w a s  based  upon normal  p a r a f f i n  h y d r o c a r b o n s  (nC2 t o  n 4 4 ) .  Cal-  
c u l a t i o n s  were per formed as p e r  ASTM D-2887 u s i n g  a Mod Comp& computer .  
S i n c e  t h e  r e s p o n s e  o f  a f lame i o n i z a t i o n  d e t e c t o r  i s  p r o p o r t i o n a l  t o  
t h e  number of  c a r b o n  atoms p r e s e n t ,  it i s  assumed s i m u l a t e d  d i s t i l l a t i o n  
d a t a  o b t a i n e d  u s i n g  t h i s  t y p e  of d e t e c t o r  c l o s e l y  a p p r o x i m a t e s  w e i g h t  
p e r c e n t  d a t a .  A d d i t i o p a l  d e v i a t i o n s  may o c c u r  w i t h  t h e  p r e s e n c e  o f  
h e t e r o a t o m  compounds, however ,  i t  i s  f e l t  t h a t  t h e  r e s u l t i n g  d a t a  w i l l  
be  c l o s e r  t o  w e i g h t  p e r c e n t  d a t a  t h a n  any  o t h e r  method o f  r e p o r t i n g .  
With t h i s  i n  mind, a l l  TBP d a t a  were e x p r e s s e d  i n  w e i g h t  p e r c e n t .  Mea- 
s u r e m e n t s  from t h e  d i r e c t  TBP d i s t i l l a t i o n  were t a k e n  i n  w e i g h t  p e r c e n t ,  
and t h e  volume p e r c e n t  s i n g l e  t h e o r e t i c a l  p l a t e  d i s t i l l a t i o n  d a t a  was 
c o n v e r t e d  t o  weight  p e r c e n t  d a t a  u s i n g  a l e a s t  s q u a r e d  r e g r e s s i o n  de- 
v e l o p e d  by Hydroc r b o n  R e s e a r c h ,  I n c .  which r e l a t e s  d e n s ' t y  t o  b o i l i n g  
p o i n t s  f o r  H-Coal6 l i q u i d s  d e r i v e d  from I l l i n o i s  # 6  c o a l $ .  

RESULTS A N D  DISCUSSION 

In o r d e r  t o  make a compar ison  of s i m u l a t e d  d i s t i l l a t i o n  d a t a  t o  
t r u e  b o i l i n g  p o i n t  d i s t i l l a t i o n  d a t a ,  a d e f i n i t i o n  of TBP d a t a  i s  i n  
o r d e r .  The i d e o l o g i c a l  c o n c e p t  of a TBP c u r v e  r e s u l t s  from a p l o t  
d e r i v e d  from a comple te  c o m p o s i t i o n a l  a n a l y s i s  o f  t h e  sample  and t h e  
p u r e  component b o i l i n g  p o i n t s  of  t h e  i n d i v i d u a l  components .  F o r  a 
s i m p l e  m i x t u r e ,  t h i s  p l o t  would b e  a s e r i e s  o f  p l a t e a u s ,  r e s u l t i n g  i n  
a p l o t  t h a t  i n c r e a s e s  i n  a s t e p - l i k e  manner as t h e  t e m p e r a t u r e  i n -  
c r e a s e s .  As t h e  number o f  components  i n  t h e  m i x t u r e  i n c r e a s e s ,  t h e  
s t e p - l i k e  n a t u r e  o f  t h e  p l o t  d e c r e a s e s ,  u n t i l  w i t h  a n  i n f i n i t e  number 
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o f  components ,  t h e  p l o t  becomes a smooth c u r v e .  F o r  v e r y  complex mix-  
t u r e s ,  t h e  c o m p l e t e  c o m p o s i t i o n a l  a n a l y s i s  r e q u i r e d  f o r  p l o t t i n g  t h i s  
t y p e  o f  TBP c u r v e  i s  p r a c t i c a l l y  i m p o s s i b l e  f o r  r o u t i n e  s a m p l e s .  The 
a l t e r n a t i v e  t o  t h i s  t y p e  o f  TBP c u r v e  i s  one d e t e r m i n e d  e m p i r i c a l l y  by 
p l o t t i n g  t h e  o v e r h e a d  t e m p e r a t u r e  v e r s u s  w e i g h t  o r  volume p e r c e n t  of 
m a t e r i a l  condensed  i n  a b a t c h  d i s t i l l a t i o n  i n  wh ich  t h e  number o f  
t h e o r e t i c a l  p l a t e s  and  r e f l u x  r a t i o  i s  se t  s u c h  t h a t  an  i n c r e a s e  o f  
e i t h e r  w i l l  p r o d u c e  no s i g n i f i c a n t  d e v i a t i o n s  o f  t h e  d a t a .  T h i s  em- 
p i r i c a l l y  d e t e r m i n e d  TBP c u r v e  may d e v i a t e  s u b s t a n t i a l l y  f rom t h e  
i d e o l o g i c a l  t y p e  o f  TBP c u r v e  due t o  t h e  f o r m a t i o n  o f  minimum o r  
maximum a z e o t r o p e s .  I n  a d d i t i o n  t o  a z e o t r o p e  f o r m a t i o n ,  t h e  s i n g l e  
t h e o r e t i c a l  p l a t e  d i s t i l l a t i o n  t e c h n i q u e  s u f f e r s  f rom i n a d e q u a t e  
s e p a r a t i o n .  

S i n c e  i t  i s  p r a c t i c a l l y  i m p o s s i b l e  t o  compare s i m u l a t e d  d i s t i l -  
l a t i o n  d a t a  t o  i d e a l  TBP d a t a ,  d u e  t o  t h e  e x t r e m e l y  complex m i x t u r e s  
found i n  t h e s e  l i q u i d s ,  t h e  o n l y  a l t e r n a t i v e  i s  t o  compare s i m u l a t e d  
d i s t i l l a t i o n  d a t a  w i t h  t h e  e m p i r i c a l l y  d e t e r m i n e d  TBP d i s t i l l a t i o n  
c u r v e .  F i g u r e  1 compares  t h e  d i s t i l l a t i o n  c u r v e s  o b t a i n e d  by d i r e c t  
w e i g h t  p e r c e n t  TBP d i s t i l l a t i o n  a n d  s i m u l a t e d  d i s t i l l a t i o n  f o r  a f u l l  
r a n g e  H - C o a l R  s y n c r u d e .  Due t o  l i m i t a t i o n s  i n h e r e n t  i n  t h e  s i n g l e  
t h e o r e t i c a l  p l a t e  d i s t i l l a t i o n  a r i s i n g  from t h e  minimum o r  maximum 
o v e r h e a d  t e m p e r a t u r e  a l l o w e d ,  compar isons  o f  t h e  b o i l i n g  p o i n t  d i s -  
t r i b u t i o n  o f  f r a c t i o n s  e r e  made. F i g u r e s  2 3, and  4 compare b i l i n g  
p o i n t  c u r v e s  f o r  H-CoaZ6 n a p h t h a  (IBP t o  400*F & a c t i o n ) ,  H-Coal8 mid- 
d l e  d i s t i l l a t e  (400-650°F f r a c t i o n ) ,  and  H-Coal heavy d i s t i l l a t e  (6500F 
p l u s  f r a c t i o n ) .  I n  o r d e r  t o  compare s i m u l a t e d  d i s t i l l a t i o n  d a t a  w i t h  
d e i g h t  p e r c e n t  TBP d a t a ,  t h e  minimum, maximum and a v e r a g e  d e v i a t i o n s  
l e t w e e n  t h e  two t y p e s  o f  a n a l y s e s  and r e p l i c a t e  a n a l y s e s  v i a  t h e  same 
nethod were computed ( s e e  T a b l e  I ) .  S i n c e  a l l  d i s t i l l a t i o n s ,  w i t h  t h e  
? x c e p t i o n  of  t h e  d i r e c t  TBP d i s t i l l a t i o n  were p e r f o r m e d  i n  d u p l i c a t e  
or t r i p l i c a t e ,  t h e  d e v i a t i o n s  between t h e  t y p e s  o f  a n a l y s e s  were based 
upon a v e r a g e  v a l u e s  f o r  e a c h  b o i l i n g  p o i n t .  One n o t e s  t h a t  i n  a l l  c a s e s ,  
t h e  d e v i a t i o n  v a l u e s  c a l c u l a t e d  for r e p l i c a t e  s i m u l a t e d  d i s t i l l a t i o n  
d a t a  are  l o w e r  t h a n  t h e  d e v i a t i o n  v a l u e s  c a l c u l a t e d  f o r  r e p l i c a t e  TBP 
d a t a .  It i s  a l s o  n o t e d  t h a t  t h e  maximum and a v e r a g e  d e v i a t i o n s  between 
t h e  a v e r a g e  s i m u l a t e d  d i s t i l l a t i o n  d a t a  and t h e  a v e r a g e  TBP d a t a  i s  
smaller t h a n  t h e  d e v i a t i o n  f o r  r e p l i c a t e  TBP a n a l y s e s  i n  a l l  c a s e s  
e x c e p t  for t h e  n a p h t h a  f r a c t i o n .  It  i s  f e l t  t h a t  t h e  l a r g e r  d e v i a t i o n  
o f  t h e  n a p h t h a  f r a c t i o n  b o i l i n g  p o i n t  c u r v e s  i s  due t o  t h e  i n a d e q u a t e  
s e p a r a t i o n  i n h e r e n t  i n  s i n g l e  t h e o r e t i c a l  p l a t e  d i s t i l l a t i o n s .  It i s  
a l s o  o b s e r v e d  t h a t  f o r  t h e  d i r e c t  TBP d i s t i l l a t o n ,  t h e  g r e a t e r  d e v i -  
a t i o n s  o c c u r r e d  when vacuum was a p p l i e d  t o  t h e  s y s t e m .  T h i s  o b s e r -  
v a t i o n  i s  c o n s i s t e n t  w i t h  t h e  f a c t  t h a t  a small  change  i n  a r e d u c e d  
p r e s s u r e  b o i l i n g  p o i n t  w i l l  magnify when c o n v e r t e d  t o  an a t o m o s p h e r i c  
p r e s s u r e  b o i l i n g  p o i n t .  A s  a r e s u l t ,  f rom t h e  e x a m i n a t i o n  o f  t h e  d i s -  
t i l l a t i o n  d a t a  i t  becomes a p p a r e n t  t h a t  s i m u l a t e d  d i s t i l l a t i o n  d a t a  
compares  f a v o r a b l y  w i t h  w e i g h t  p e r c e n t  d i s t i l l a t i o n  d a t a ,  w h e t h e r  
d e r i v e d  from d i r e c t  TBP d i s t i l l a t i o n  or s i n g l e  t h e o r e t i c a l  p l a t e  d i s -  
t i l l a t i o n  d a t a  and  c o n v e r t e d  t o  TBP d a t a .  
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